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Abstract 

In two experiments we tested the choice blindness phenonnenon in adolescents aged 11-16 years (Experiment 1, N = 87) 
and children aged 7-10 years (Experiment 2, yv = 1 17) for the first time. Analogous to previously reported findings with adult 
participants, we expected to replicate the robust effect in these age groups. Furthermore, we investigated the hypothesis 
that self-relevance of choices, defined as the extent to which the self is implicated in a choice, moderates the choice 
blindness effect in adolescents and children. To this end, we directly compared high and low self-relevance conditions. As 
expected, the choice blindness effect was robust across age groups. Little support was found for the idea that self-relevance 
moderates the choice blindness effect. Specifically, no effect of self-relevance on choice blindness was found in adolescents, 
while the findings in the child sample were inconsistent. Different possible interpretations of the results as well as the 
possible role of ambiguity for the choice blindness effect are discussed. 
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Introduction 

Our life is replete with making choices. Each day we have to 
decide what to wear, what to eat, or more importandy, which 
doctor to visit. Althougli most of us would agree that we are aware 
of those choices and that we can easily detect a mismatch between 
our choice and the obtained result, recent research indicates quite 
the opposite. Rather, this research shows that people frequently 
fail to detect a mismatch between their choice and the achieved 
outcome when their choice is secretly manipulated. This effect is 
known as choice blindness. 

In the first seminal experiment on choice blindness, participants 
had to decide which of two female faces they found more attractive 
[1] . Following their decision, participants were handed the selected 
face and asked to motivate their decision. In three of the 1 5 trials, 
however, their choice was manipulated by means of a magical card 
trick, so that participants ended up with the non-selected face. The 
findings were striking: The overwhelming majority (87%) of the 
manipulated trials went undetected at the time of the manipulation 
(i.e., concurrendy). After the end of the experiment 70% of the 
manipulations remained undetected (i.e., retrospectively). Para- 
doxically, some of the participants included facial features in their 
motivations that did not correspond to the picture they held in 
their hands. Conversely, some referred to features that were true 
only for the manipulated outcome and could not account for the 
initial choice. 

More recent studies investigating the phenomenon picked up on 
the critique that ratings of facial attractiveness lack personal 
relevance to the participants [2] . Conversely to the criticism, this 
research showed that participants can be blind to manipulations of 
their moral attitudes [3], political attitudes [4] and reports 



concerning their history of norm-violating behaviors [5] . Howev- 
er, none of these studies provided a direct comparison between 
more and less self-relevant conditions. Furthermore, the per- 
formed choices had no consequences. 

A large body of literature on the so-called self-reference effect in 
memory predicts that detection rates should differ as a function of 
the level of self-relevance of the task. The effect was first 
demonstrated and defined by Rogers, Kuiper, and Kirker [6] as 
the tendency of people to encode information in which the self is 
implicated in a privileged way. The term self-reference has often 
been used synonymous with personal relevance or self-relevance in 
the literature [7-9] and we will use the latter terms throughout this 
manuscript. The self-relevance effect has been studied in dozens of 
research papers and its robustness has been demonstrated across 
different age groups, stimuli and stimulus presentations as well as 
encoding and recall conditions [10]. To name just a few examples, 
memory for self-relevant terms is superior to memory for non-self- 
relevant terms, as are self-relevant encoding strategies compared to 
semantic and other relevant encoding strategies [6,11,12]. 
Likewise, flashbulb memories for self-relevant events have been 
shown to be stronger than for non-self-relevant events [13]; and 
mock jurors demonstrated better recall and recognition perfor- 
mance for a self-relevant crime (on campus rape), compared to a 
non-self-relevant crime (prison rape) [8]. The first aim of the 
current paper was to test whether the choice blindness effect 
depends on this self-relevance effect. Based on the literature our 
expectation was that high self-relevance decisions should lead to 
higher detection rates than low self-relevance decisions. 

Our second aim was to extend the choice blindness paradigm to 
adolescent and child populations. Although the choice blindness 
effect has been substantiated in a variety of settings (e.g., personal 
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interactions and computer based tasks; in labs, in a supermarket, 
in a university library) and for a variety of stimuli (visual, auditory, 
olfactory, gustatory) [1,14-16], it is imperative to assess whether it 
will also appear in non-adult populations in order to demonstrate 
and fuUy understand the robustness of this elfect. Drawing from 
studies that show that children are less likely to detect changes in 
an environment than adults [17,18], one might expect detection 
rates to be smaller in children compared to adults. 

This prediction dovetails nicely with developmental work on 
compliance revealing that young children are more likely to be 
persuaded by external influences relative to older children and 
adults [19]. The reason is that memory encoding is less well- 
developed in young children making them more rehant on others 
than older children and adults. Based on this work, one might 
argue that choice blindness manipulations are more likely to have 
an impact in younger than older children leading to heightened 
choice blindness effects and smaller detection rates. Indeed, when 
drawing parallels with developmental work on source monitoring, 
research clearly suggests that children have more difficulties with 
monitoring the sources of their memories than adults especially 
when the sources are similar [20]. In a sense, participants are 
involved in source monitoring during a choice blindness experi- 
ment. That is, participants have to decide whether the manipu- 
lated choice is their own choice and recollection or whether it is 
provided by someone else. Children have more problems with 
making such memorial decisions rendering them more prone to 
choice blindness than adults. Furthermore, based on the finding 
that the self-relevance effect occurs as early as age four to six 
[21,22], we predicted that the moderating effect of self-relevance 
on choice blindness should be present across different age groups, 
with all age groups displaying less blindness effects in high 
compared to low self-relevance conditions. 

To assess our hypotheses, we tested adolescents (11-16 years; 
Experiment 1) and children (7-10 years; Experiment 2) and 
subjected them to two different choice blindness paradigms, using 
stimuU and procedures that were suited for each age group. 
Although the variation in stimuli and procedures puts restrictions 
on comparisons across experiments, these modifications were 
crucial in order to generate valid high and low self-relevance 
conditions for the different age samples. Note that, had we used 
the same task across different age groups, it is likely that these 
would have differed in terms of how they interpreted the task. To 
specify the experimental procedures, adolescents (Experiment 1) 
either indicated their preference regarding five interventions (e.g., 
new classroom chairs, black boards, vending machines) that were 
planned to take place in their school environment (high self- 
relevance), or provided more general estimations (e.g., estimate 
which of two items was more expensive; low self-relevance). We 
selected the school environment as a source for our manipulations 
in this experiment because school life constitutes a fundamental 
part of adolescents' and children's everyday life. Accordingly, 
changes in the school (■n\ir()nm(;nt should generally be of interest 
to the students. Children (Experiment 2), on the other hand, made 
five preferential choices regarding two toys (high self-relevance), or 
made an objective assessment (i.e., which of two animals was faster 
or which of two foods was sweeter; low self-relevance). This setup 
was chosen to address children's difficulties in thinking in abstract 
ways. 

Additionally, we exj)lored tendency to act according to social 
demands as a possible moderator of the choice blindness effect. 
Indeed, it is possible that blindness to manipulations is associated 
with construct of social desirability, with people failing to report 
that they did notice the change in manipulated trials due to their 
need for approval from the experimenter [23]. 



Ethics Statement 

The studies reported in this paper were approved by the 
standing ethical committee of the Faculty of Psychology and 
Neuroscience (Ethics Committee Psychology, ECP). Written 
consent was obtained for Experiment 1. In line with the formal 
requirements as dictated by the ECP for testing minors, oral 
participant consent was obtained for Experiment 2 and parental 
written consent for both Experiments 1 and 2. 

Experiment 1 

Method 

Participants. Participants were eighty-seven German high- 
school students from one high-school (34 boys; M^„= 14.1 years, 
■S£'n4«= age range: 11-16 years). They provided parental 
consent forms prior to participation that was on voluntary basis; 
no monetary awards or course credits were awarded. 

Self-relevance manipulation. In the high self-relevance 
condition, participants made choices that referred to changes in 
their school environment (i.e., new classroom chairs, classroom 
black boards, etc.). In the low self-relevance condition, the choices 
referred to the same objects, but no association with participants' 
high-school was estabhshed. 

Design. A 2 (self-relevance: high vs. low) x 2 (similarity: high 
vs. low) between-subjects design was employed. Participants were 
randomly assigned to one of the four experimental groups. The 
distribution of participants across conditions was 22 (low self- 
relevance/low similarity), 23 (low/high), 20 (high/low), and 22 
(high/high). 

Independent Variables Concurrent and Retrospective 
Detection. Across the two experiments reported in this paper, 
the concurrent and retrospective detection rates served as the 

dependent variables. Concurrent detection refers to detection 
immediately after the presentation of the manipulated outcome. In 
the computer-based Experiment 1, this rc-fers to comments 
provided on a piece of paper intended for participants to write 
down the reasons for their selection after each trial. In Experiment 
2, where a direct interaction took place between experimenter and 
child participants, concurrent detection was inferred when 
children told the experimenter that they had chosen the other 
toy or that she had made a mistake. Retrospective detection refers 
to detections that were documented by means of the post-test 
questionnaire (Experiment 1) or post-test interview (Experiment 2). 
If, however, participants indicated manipulations that had not 
occurred, no retrospective detection was assumed. 

Stimulus selection. To ensure that the required choices 
were self-relevant to high-school students, we conducted a first 
pilot study, using a survey that consisted of eight questions. These 
referred to the introduction of a new school logo, classroom wall 
color, classroom chairs, classroom black boards, school lockers, 
school plants and school vending machines. Participants indicated 
how relevant the indicated changes would be to them on a scale 
ranging from 1 (not important to me) to 10 {veiy important to me). Note 
that we referred to importance here, instead of self-relevance, as 
this term is easier to understand for high-school students. The 
following is an example item: 

"Your school wants to introduce a day on which all students 
have to wear the same t-shirt in order to promote student team 
spirit. How important would the design of this t-shirt be to you?" 

Fifty-eight high-school students (12 boys; A4ge = 15.4 years, 
■SDage - 0.8, age range: 13-16 years) were recruited through a link 
to the survey on Facebook. The average rated importance ranged 
from M=4.74 (school plants) to M= 7.24 (classroom chairs). We 
selected the five interventions that were rated most relevant to the 
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high-school students as stimulus categories. These included 
classroom chairs (Af=7.24, SD=2A7), school t-shirts (M=6.76, 
SD=2M), school vending machines (M=6.59, SD=3.08), 
classroom wall color (M—5A0, SD = 2.79), and classroom black 
boards (^=5.26, SD=2.84). The intervention with the highest 
ratings (new classroom chairs) was selected as the choice to be 
made during the manipulated trial. This was to ensure that the 
manipulated trial constituted an item that was highly self-relevant 
to the participants. 

Two sets of stimuli were created, one with high and one with 
low similarity stimulus pairs. Specifically, we collected six pictures 
of diflFerent exemplars of each of the five selected stimulus 
categories (i.e., chairs, black boards, etc.) from search engines on 
the internet and company websites. We paired all six pictures of 
one category with each other (i.e., all chairs with other) and 
presented them to 60 second year psychology students (16 men; 
19-51 years, M^g^ = 2lJ years, — who participated in 

exchange for course credit. Their task was to rate the similarity of 
each stimulus pair on a scale from 1 {verp different) to 10 (verp similat). 
For each of the five stimulus categories, we selected those pairs that 
were rated most and least similar for our high and low similarity 
conditions. The diflFerence between high and low similarity 
stimulus pairs was significant for all stimulus categories, fc(59) & 
7.1 1, j6s<.001. The means can be found in Table 1. 

Post-test questionnaire. The post- test questionnaire was 
designed to examine whether participants had noticed our 
manipulations and refrained from revealing this and was used as 
a means to establish retrospective detection. First, participants 
were asked if they had any comments, suggestions or if they had 
had any problems, and if so what the nature of these problems 
was. Subsequently, participants were misled to believe that the 
experiment had employed two conditions: one in which some of 
their choices had been manipulated and one where this was not 
the case. Participant then had to indicate which condition they 
thought they had been assigned to. Those who indicated that they 
had been in the manipulated condition next specified how many 
manipulations they had noticed and for which specific picture 
pairs. 

Social DesirabiUty Scale-17 (SDS-17). The SDS-17 [24] 
contains 17 true/false self-report items that assess an individual's 
need for approval. The rationale of the instrument is that persons 
with higher need for approval tend to give more socially desirable 
responses than the average. 

Procedure. Participants with parental approval were indi- 
vidually taken out of their class and brought to one of three 
computers. In the low self-relevance condition, students were told 
that the experimenters were interested in decision-making and 
decision outcomes as a cover story. These participants were asked 



about their preference regarding two objects (i.e., two chairs/black 
boards/t-shirts etc.). However, no relation with their own school 
was established. In tiie high self-relevance condition, students were 
additionally told that the research group collaborated with the 
headmaster of their school. Specifically, participants were led to 
believe that their headmaster was interested in the opinion of the 
students because he wanted to implement some interventions at 
their school. Therefore, the students should carefully consider their 
choices because these would have an effect on the pending 
decisions. Before proceeding, the experimenters made sure that 
the participants understood the importance of these choices and 
their impact on the future. 

After signing the informed consent form, the computer based 
experiment [25] started with a practice trial. Participants were 
shown two objects and had to indicate their preference by pressing 
the 1 (left object) or 2 key (right object). No time limit was imposed 
on participants' decision time. Following the decision, a 200 ms 
mask appeared. Next the selected item reappeared and partici- 
pants were asked to motivate their choice on a sheet of paper. 
After the example trial, the five analogous experimental trials 
followed. In the fourth trial (chairs), however, participants were 
not presented with their choice, but with the chair they had 
actually not selected. A demonstration of the procedure can be 
found in Figure 1. After participants were finished with the 
computer task, they filled in the SDS-17 and the post-test 
questionnaire. Finally, participants were asked not to talk about 
the study until it was finished, were offered candy, and thanked for 
participating. The debriefing took place after termination of data 
collection. 

Results and Discussion 

Choice Blindness. The detection rates and 95% confidence 
intervals for high and low self-relevance conditions across both 
experiments can be found in Table 2. Concurrent detection in the 
high self-relevance condition was 11.1%, and 9.5% in the low self- 
relevance condition. Retrospective detection rates were 57.8% and 
54.8%, respectively. 

To test the effect of age on blindness rates, we split the 
participants into two age groups (11-13 years vs. 14-16 years). 
The results showed that neither measure of detection varied as a 
function of age (concurrent detection: /^(l, jV= 87) = 1.95, 
p = .222, phi= -.15, retrospective detection: /(I, M'= 87) = 0.49, 
p = . 620, phi = .07). 

Two logistic regression analyses were conducted to establish the 
effect of self-relevance (high vs. low) and similarity (high vs. low) on 
concurrent and retrospective detection (yes vs. no). The interac- 
tions were non-significant (concurrent detection: Wald X^{1, 
M=87) =2.59, p = .\08; Nagelkerke's = .08.; retrospective 



Table 1. Mean Similarity of the 


Selected Stimulus Pairs (Experiment 1). 










Similarity 




Low 




High 






M 


SD 


M 


SD 


Classroom wall color 


3.22 


1.84 


6.43 


2.43 


Classroom black boards 


3.55 


1.66 


5.58 


2.00 


Classroom chairs 


4.13 


1.88 


8.07 


1.36 


School vending machines 


4.38 


2.06 


6.10 


2.05 


School t-shlrts 


4.65 


2.01 


6.98 


1.71 


doi:l 0.1 371 /journa!.pone.0098563.t001 
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Your school wants to buy new classroom chairs. 
Which chair do you vote for? 




200 ms mask 




Please write down the reasons for your 
decision on the provided sheet of paper. 



Which of these two chairs do you thinl( was more 
expensive? 



200 ms mask 




'■ •■: ^ • 

4 , . V'. 

■'.v.'-'.' 



Please write down the reasons for your 
decision on the provided sheet of paper. 



c - '■' ■ .■' I- ■ : . ■ . _ ■ 



Figure 1 . Demonstration of the procedure of a high (A-C) and a low self-relevance (D-F) trial in Experiment 1 . A. Participants view two 
stimuli and indicate their choice by selecting 1 or 2. No time limit is imposed. B. A masking pattern is presented for 200 ms. C. Participants' choice 
reappears and participants motivate their choice on a separate piece of paper. In a manipulated trial, participants' non-choice appears and 
participants are also asked to indicate motivate their "choice". D-F. Analogous procedure for a low self-relevance trial. 
doi:1 0.1 371 /journal.pone.0098563.g001 



detection: Wald x\l, jV=87) =0.98, p = .'i22; Nagelkerke's 
— .02). Models including only the main effects likewise yielded 
no significant results (concurrent detection: Wald Z^s(l, jV= 87) £ 
0.21, /is&.648; Nagelkerke's R'^s = .Ol; retrospective detection: 
Wald x^s(l, JV= 87) <0.52, ps>A72; Nagelkerke's i?^s= .01). 

The results for similarity concur with earlier findings [1,26]. 
Others, however, reported an effect of similarity for a limited 
selection of stimuli [14] or for concurrent (but not retrospective) 
detection [16]. 

Relationship of Choice Blindness and Social 
Desirability. In accordance widi most earlier findings on the 



relationship between choice blindness and social desirability 
(Experiments 1 and 2) [5,16], no significant correlations were 
obtained for both measures of detection (concurrent detection: 
j{85) = .12, /) = .265; retrospective detection: t{85) = . 14, /; = .185). 
This deems the idea that choice blindness is merely an effect of 
participants' tendency to comply with the presumed expectations 
of the experimenter or the tendency to act according to social 
demands unlikely. 



Table 2. Concurrent and Retrospective Detection Rates (%) and 95% CIs across Two Experiments. 





Self-relevance 








High 


Low 


High 


Low 


Experiment 


N 


Sample 


Proportion concurrent detection (and 95% CI) 


Proportion retrospective detection (and 95% CI) 


1 


87 


Adolescents 


11.1 (1.6; 20.7) 


9.5 (0.2; 18.8) 


57.8 (42.8; 72.8) 


54.8 (39.1; 70.0) 


2 (Toys) 


55 


Younger cfiildren 


50.9 (37.3; 64.5) 


50.9 (37.3; 64.5) 


54.4 (41.0; 68.1) 


52.7 (39.1; 66.3) 




62 


Older children 


62.9 (50.5; 75.3) 


51.6 (38.8; 64.4) 


72.6 (61.2; 84.0) 


56.5 (43.8; 69.1) 


2 (Erasers) 


55 


Younger children 


56.3 (28.9; 83.6) 


30.8 (15.6; 45.9) 


not measured 






62 


Older children 


50.0 (32.8; 67.2) 


65.4 (45.8; 85.0) 







CI = confidence interval. 

doi:l 0.1 371/journal.pone.0098563.t002 
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Experiment 2 



A moderating effect of self-relevance on the choice blindness 
effect was absent in adolescent high-school students (Experiment 
1). In Experiment 2, we tested whether self-relevance would 
moderate the choice blindness effect in children at the elementary 
school level. 

Method 

Participants. Participants were jV= 1 1 7 children (5 1 boys, 
A^age = 8.56, SDage=1.07, agc range 7-10 years) from three 
primary schools. Parental consent was obtained prior to partici- 
pation and testing permission was granted from each school 
individually. Oral consent was obtained from the child partici- 
pants. 

Self-relevance manipulation. Self-relevance was manipu- 
lated by varying question type. In high self-relevance trials, 
children had to indicate a preference. Specifically, they were asked 
which of two stimuli they liked better ("Which animal [food] do 
you like better?"). In the low self-relevance condition, the question 
referred to an objective feature of the animal or food the presented 
stimulus represented ("Which animal is faster?" or "Which food is 
sweeter?"). 

Design. Self-relevance was once manipulated within-subjects 
(plastic toys) and once between-subjects (erasers). For the (within- 
subjects) toy manipulation, the order of presentation (high-low self- 
relevance vs. low-high self-relevance) as well as the stimulus set 
used for each condition was counterbalanced between-subjects. 
There was no effect of these two variables on the dependent 
variables. Table 3 gives an overview of the eight conditions used. 
For the (between-subjects) eraser manipulation, the stimulus set 
used (eraser animals vs. eraser foods) was counterbalanced 
between-subjects next to self-relevance. Preferably, we would have 
asked child participants which of our two tasks they found more 
relevant to themselves (indication of preference vs. assessment of 
fastness/sweetness). However, this did not seem to age appropri- 
ate. Alternatively and in line with literature demonstrating that 
stronger attitudes can be evidenced in faster responses [27,28] we 
measured child participants' response times. We expected 
response times for high-relevance conditions to be faster than for 
low self-relevance conditions. 

Materials. Three black carton boxes 

(38.0 cmxl9.5 cmx26.5 cm) with an open back and two open- 
ings on the top were used to covertly perform the manipulations. 
The open back allowed the experimenters to see the stimuli; the 
two openings enabled them to retrieve the stimuli during the 
experiment. The front side of the boxes (i.e., the side facing the 
chUd), displayed the numbers 1 and 2, along with a white line in 
the middle, indicating two compartments, although there was no 
actual separator inside the box. Usage of these boxes was practiced 
with all experimenters prior to testing. 

Stimulus selection. Two pairs of plastic animals, two pairs 
of plastic foods toys and a variety of erasers representing animals 
or foods were used as stimuli. The four plastic toy stimulus pairs 
were matched in terms of average preference within each stimulus 
pair, as established in pilot work with 20 child participants (2 boys; 
M,g5 = 8.35, 5D;,ge= 1-14, age range: 7-10) with written parental 
consent and oral participant consent. Table 4 presents the mean 
ranking for each stimulus. The pairs selected for the study were: 
lion - tiger (wUd animals), zebra - horse (hoofed animals), grapes - 
watermelon (fruits), and chocolate bar - pudding (sweets). 
According to WUcoxon signed ranked tests, none of the pairs 
differed significantly from each other in terms of preference or 
fastness/sweetness ranking, all |.j|s^l.65, /)s^.098. 
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Table 4. Mean Ranking Order and Standard Deviation for 
Plastic Animals and Foods (Experiment 2). 



High self-relevance Low self-relevance 

question question 



Stimuli 


M 


SD 


M 


SD 


Lion 


3.15 


1.39 


2.15 


1.18 


Tiger 


2.80 


1.28 


1.70 


0.97 


Zebra 


2.35 


1.22 


2.05 


0.68 


Horse 


2.10 


1.37 


1.70 


1.26 


Grapes 


2.60 


1.27 


2.60 


1.14 


Watermelon 


2.85 


1.84 


2.60 


1.31 


Chocolate Bar 


3.45 


1.35 


3.45 


1.35 


Pudding 


3.60 


1.35 


3.65 


1.26 



doi:1 0.1 371/journal.pone.0098563.t004 



The pilot participants also ranked two sets of erasers (animals 
and foods). Based on the results, different combinations of erasers 
were used for the high and low self-relevance conditions. While we 
had planned to only use pairs that did not differ significantly in 
their rankings, this did not always work out when testing in the 
field. Pairings that significandy differed in their rankings were used 
in 28 of the cases (23.9%). In order to prevent that a possible effect 
of self-relevance would be masked by this, we reran the eraser 
analyses excluding all trials in which an eraser pair had been used 
that differed significantly in the rankings. The pattern of results 
remained identical. Therefore, we report the results for the fuU 
sample in the results section. 

Procedure. In order to create a test setting appropriate for 
children, diis experiment did not employ a computer-based task, 
but included a direct interaction between participant and 
experimenter. Previous research has shown that choice blindness 
effects occur in both settings [15]. 

In their classrooms, participants were told that they could take 
part in a game in which they would answer questions about 
different toys. Those children who wanted to participate were then 
individually led to a different room where two of the six 
experimenters awaited them. The experiment started with an 
alleged practice trial containing a pair of foods or animal erasers. 
Note that the children would receive the eraser they had not chosen 
as a small gift foUowing their participation. This manipulation was 
conducted to see if children would notice a manipulation after a 
short delay. After this alleged practice trial, four analogous trials 
followed. No time limit was imposed on children's decision time. 

In each trial, the experimenter placed a pair of stimuli into the 
black box. She then reached through the openings on top and 
presented the two stimuli to the chUd. Depending on the 
condition, the experimenter asked a high or low self-relevance 
question (i.e., high self-relevance: "Which of the two do you like 
better?"; low self-relevance: "Which of the two is faster?"; "Which 
of the two is sweeter?"). After participants made a decision, the 
experimenter put the two stimuli back into their corresponding 
openings. Subsequently, she took the selected stimulus out of the 
box again and asked the chUd why they had selected that eraser or 
plastic toy. The occlusion time was as long as it takes to put two 
stimuli back into a box and take one out again. Although we have 
not measured the duration, we assume that this part of the 
procedure took about 1-2 seconds. A trial was concluded by 
putting the selected stimulus back into the opening and removing 
both stimuli from the box via the backside. In preparation of the 



next trial, the experimenter put a new stimulus pair into the box. A 
demonstration of the procedure can be found in Figure 2. Table 3 
illustrates the setup of the eight different administered conditions. 

The manipulations were executed in plastic toy trials 1 and 4. In 
these trials, the experimenter coverdy switched the two stimuli 
inside of the box and retrieved the non-selected stimulus from the 
opening corresponding to the selected stimulus. If the child noticed 
the swap, the experimenter said that she must have made a 
mistake, retrieved the selected stimulus and asked why they had 
chosen that object. While one experimenter performed the 
experiment, a second experimenter measured the children's 
decision times, wrote down their selections, and documented 
manipulation detections. 

After completion of the plastic toy trials, participants were asked 
if the experimenter made any mistakes during the experiment and 
if so during which trial. This post-test interview served as a means 
of measuring retrospective detection. Finally, participants were 
thanked for their participation and received the Hon-selected eraser 
from the eraser trial as a gift. If children at this point said that they 
had not chosen the eraser they were given as a present, this was 
counted as concurrent detection. Retrospective detection was not 
measured for the eraser trials since the manipulation occurred 
after the post-test interview, from which retrospective detection 
was iifferred. Children were fully debriefed in their classrooms and 
a debriefing letter was provided for the parents. 

Results and Discussion 

Manipulation check. As expected, the response times 
averaged across the two high self-relevance plastic toy decisions 
were faster [M= 2.5 s, SD= 1.74) than those for the two low self- 
relevance plastic toy decisions {M= 3.4 s, SD= 1.69), /(1 16) = — 
5.22, /)<. 001, d= -0.52. Additionally, responses to the high self- 
relevance eraser trial were faster {M= 2.3 s, SD = 1.94) than to the 
low self-relevance eraser trial (Af= 2.9 s, SD= 1.84), i(115) = — 
2.13, p = .036, d= —0.39. Note that for the analyses of response 
times, inferential analyses were conducted on log-transformed data 
(i.e., log base 10) due to significant positive skewness and kurtosis 
in the response time distribution. The reported means are back- 
transformed values. 

These findings support our idea that judgments about 
preferences were more self-relevant to our child participants than 
objective assessments about speed or sweetness. Another possible 
interpretation of these results could be that the different tasks 
(semantic memory task vs. preferential task) simply require 
difierent amounts of processing time. Future studies could avoid 
this limitation by using identical tasks for high and low self- 
relevance conditions while varying self-relevance in terms of 
incentives (e.g., payment). 

Choice Blindness and Self-Relevance. The concurrent 
detection rates in the high self-relevance condition were 57.3% 
(plastic toys) and 54.7% (erasers), and 51.3% (toys) and 47.9% 
(erasers) in the low self-relevance condition. Retrospective 
detection rates for the plastic toys were 54.7% (high self-relevance) 
and 47.9% (low self-relevance), respectively (Table 2 also includes 
the means for the two age groups 7-8 years vs. 9-10 years). Recall 
that retrospective detection was not measured for erasers. 

Given that a standard ordinary least square regression analysis 
would not be a valid statistical model for this design, which 
includes within-subjects factors and therefore produces correlated 
data, we opted for Generalized Estimating Equations model 
(GEE). The GEE model provides an appropriate alternative, as it 
accounts for the correlated residuals via the specification of a 
working correlation matrix. 
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For the plastic toy manipulations, both age (7-8 years vs. 9- 
10 years) and self-relevance were entered into a GEE analysis as 
predictors of detection. For concurrent detection, die effect of age 
was significant, /)=1.01, SE^ 38, Wald x^{\, jV=117) =6.98, 
p — .008. Specifically, 7-8 year old children were less likely to 
detect the manipulation (44.5%) than 9-10 year old children 
(62.9%). The main effect of self-relevance as well as the interaction 
between both factors were non-sig nificant, Wald xls(l, jV= 1 17)< 
2.63, /)S&. 105. A model containing only the main effects returned 
similar results. 

For retrospective detection, the effect of age was also significant, 

* = 1 . 1 5, 5£ = .39, Wald x^(l, 7V= 1 1 7) = 8.80, p = .003, with older 
children displaying higher detection rates (70.2%) than younger 
ones (48.2%). The effect of self-relevance was non-significant, 
Wald x^(l , ^ '= 1 1 7) = 2.3 1, ^ = . 128. A model containing only the 
main effects did reveal a significant main effect of self-relevance, 

* = 0.45, SE=. 22, Wald M=l\l) =4.30, />=.038. Specif- 
ically, high self-relevance manipulations were detected more often 
(65.0%) than low self-relevance manipulations (54.7%). 

For the eraser manipulations (between-subjects factor), a logistic 
regression analysis was conducted to examine the effect of self- 
relevance (high vs. low) and age (7-8 years vs. 9-10 years) on 
concurrent detection (yes vs. no). Both factors as well as the 
interaction were entered simultaneously. The effect of self- 
relevance failed to reach significance, but indicated a trend, Wald 
X^(l, M= 1 17) = 3.54,/) = .060, as did the interaction between age 
and self-relevance, Wald 7V= 1 17) = 2.94, />= .087; Nagelk- 
erke's — .08. For pure exploratory reasons we performed post- 
hoc comparisons which showed that high-relevance manipulations 
tended to be detected more often (56.3%) than low self-relevance 
manipulations (30.8%) in younger, x^(l,^'= 117) = 3.42,/) = .081, 
/)&= -0.25, but not older chUdreii, x^(l,^'= 117) = 0.29, /) = .609, 
phi = 0.07. A model including only the main effects did not reveal 
any significant effects, /is^.lOl. One may argue that detection 
rates for the eraser manipulations might have been deflated due to 
the fact that children received an eraser as a gift, that is, that 
children might have kept quiet about a detected manipulation out 
of fear that then they would not receive a gift at all. If this were the 
case, however, the detection rates for eraser trials should, on 
average, be lower than the detection rates for plastic toy 
manipulations. Inspection of Table 2, however, shows that this 
was not the case. 

General Discussion 

Across two experiments, we sought to extend the existing 
literature on choice blindness in two ways. More specifically, we 
aimed to examine the effect of self-relevance on choice blindness 



rates. Testing non-adult samples for the first time, this research 
question was implemented across two different age groups, namely 
in adolescents and children. We expected to replicate earlier 
findings demonstrating a strong choice blindness effect. Further- 
more, we hypothesized that high self-relevance decisions would 
lead to higher detection rates than low self-relevance decisions 
across age groups. As such, our two experiments are the first 
published ones to provide a direct comparison between more and 
less self-relevant conditions. As predicted, a considerable propor- 
tion of participants were blind to our manipulations. Unexpect- 
edly, however, our results do not support the idea that self- 
relevance can decrease blindness rates [2] . In the following, we wiU 
address both of these findings in more detail. 

In both experiments we found substantial choice bhndness 
effects, with blindness rates ranging from 37% to 91% concur- 
rently and 27% to 47% in retrospect. The variance across 
experiments is remarkable, with especially high blindness rates in 
Experiment 1 . One explanation for this might be differences in the 
immediacy of the consequences following the choices in the high 
self-relevance conditions. Specifically, in Experiment 2, child 
participants had to choose between one of two toys, a task that is 
likely to be of immediate importance at that age. In Experiment 1, 
however, the consequences of the choices that participants made 
would only follow in the undefined future. The study of the 
strength of the choice blindness effect as a function of immediacy 
of decision consequences might be an interesting alley for future 
research. 

Although we could not make direct comparisons across the two 
samples, because we had to use different tasks that were suited for 
both age groups, we were able to make comparisons within 
children and adolescents. These comparisons showed that children 
aged 7-8 years old were sometimes less likely to detect our 
manipulated trials than children aged 9-10 years. This effect only 
appeared for one (plastic toys), but not the other (eraser) 
manipulation. Furthermore, we found no effect of age on choice 
blindness rates within the adolescent sample. One reason for this 
age trend could be that younger children (aged 7-8) are more 
likely to be persuaded by external "suggestive" information than 
older children (9-10-year-olds) [29]. The underlying rationale is 
two-fold. First of all, younger children's memory is less weU- 
developed than that of older children's. This entails that younger 
children are more likely to trust other people when talking about 
their own memories and choices. Relatedly, younger children are 
more likely to be influenced by authoritarian people (e.g., 
experimenters) relative to older children [19]. Combined with 
weaker encoding and source monitoring capacities [20], these 
mechanisms might have caused the diflerences in detection rates 




Figure 2. Demonstration of the procedure of a manipulated trial of Experiment 2. A. Participants select one of the two presented toys, 
deciding either which one they like better (high self-relevance) or which of the two animals is faster (low self-relevance). No time limit is imposed. B. 
The experimenter puts both toys back into the box through the two openings on the top and switches the two toys in her hands for this manipulated 
trial. C. The experimenter extracts the non-selected toy from the opening which previously seemed to contain the selected toy. D. Rear view of the 
used box. The absence of a division within the box allows for a switch of the different toys in manipulated trials. 
doi:1 0.1 371/journal.pone.0098563.g002 
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between the younger and older children that were found for some 
of our analyses. 

Regarding the impact of self-relevance on choice blindness, our 
data provide only little evidence in support for the idea that self- 
relevance can decrease blindness rates: In the adolescent sample, 
no indication for such an elfcct was found. In the child sample, the 
findings were inconsistent. Specifically, there was a significant 
effect in the expected direction for retrospective, but not 
concurrent detection for the toy manipulation. Furthermore, for 
the eraser manipulation, we found a marginally significant effect 
for younger (7-8 years), but not for older children (9-10 years). 

Three inferences are possible when looking at the results on the 
effect of self-relevance on choice blindness: First, one may argue 
that self-relevance simply does not have an effect on choice 
blindness. Although we cannot exclude this explanation, it seems 
unlikely, especially for choices on the high and extreme end of the 
self-relevance scale (i.e., such choices that one would describe as 
highly self-relevant). This leads directly to a s(;( ()nd explanation of 
the current results: self-relevance may have an effect on choice 
blindness, but only for highly self-relevant decisions. Following this 
argument, the current results would indicate that we did not 
present our participants with decisions that were self-relevant 
enough to exhibit the effect. More specifically, it may not be 
sufficient to only ensure that the high and low self-relevance 
conditions differ in self-relevance, but self-relevance may also have 
to reach a high level in order to impact choice bfindness rates. This 
may also explain the tentative support for the self-relevance 
hypothesis in the child sample. Although we have no objective 
evidence for this claim, it is possible that the choices made by the 
children were more relevant to them than those performed by 
adolescents. Indeed, the experimenters in Experiment 2 reported 
that the children were quite excited about the task and the choices 
they had to make. Such excitement was absent in the adolescent 
sample. Another possibility is that the excitement or interest in the 
task have an effect on choice blindness. 

A third explanation that is worth considering is that another 
factor interacts with self-rcicvaii((-. While other factors are 
conceivable, we would like to focus on ambiguity as such a 
moderator. Merckelbach, Jelicic, and Pieters [30] argued that 
evaluati\'e decisions like those made in the choice blindness 
paradigm hold a certain level of ambiguity, making us prone to 
choice blindness. Accordingly, we may be unsure about an 
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settings that are likely to reveal limiting conditions of the effect. 
Choice blindness remains a fascinating phenomenon which slips in 
our decisions, both the less, but also the more consequential ones; 
the one about what to wear, but also which doctor to visit. 

Acknowledgments 

We tltank Cfiarelle Campagne, Eline Hendriks, Nicole Heiining, Lea 
Jahnen, Kirsten Maes, Rebekah Matfies, Linda Pagen, Lisa Ploutarchos, 
Ankelieii Sclieper, Anne Sehrcurs, Julia Schmitz, and Mirte Verbeek for 
their help in collecting data. 

Author Contributions 

Conceived and designed the experiments; MS AS HO. Performed the 
experiments; MS AS. Analyzed the data: MS AS NJB. Wrote the paper: 
MS AS HO NJB. 



10. Symons CS, Johnson B T (1997) The self-reference effect in memory: A meta- 
analysis. PsychoU BuU 121: 371-394. 

1 1 . Zhu L, Guo X, li J, Zheng L, Wang et al. (20 1 2) Hippocampal activity is 
associated with self-descriptiveness effect in memory, whereas self-reference 
effect in memory depends on medial prefrontal activity. Hippocampus 22: 1540- 
1552. 

12. Forsyth DR, Wibberly KH (1993) The self-reference effect: Demonstrating 
schematic processing in the classroom. Teach Psychol 20: 237—238. 

13. Brown R, Kulik J (1977) Rashbulb memories. Cogn 5: 73-99. 

14. Hall L, Johansson P, Taming B, Sikstrom S, Dcutgcn T (2010) Magic at the 
marketplace: Choice blindness for the taste of jam and the smell of tea. 
Cognition 117: 54-61. 

15. Johansson P, Hall L, Sikstrom S (2008) Prom change blindness ro choice 
blindness. Psyehologia 51: 142-155. 

16. Saucrland M, Sagana A, Otgaar H (2013) Theoretical and legal issues related to 
choice blindness for voices. Legal Criminol Psych 18: 371-381. 

17. Fletcher-Watson S, Collis JM, FindlayJM, Leekam SR (2009) The development 
of change blindness: children's attentionjil priorities whilst viewing naturalistic 
scenes. Dev Sci 12: 438^45. 

18. Shore DI, BurackJA, Miller D, Joseph S, Enns JT (2006) The development of 
change detection. Dev Sci 9: 490-497. 

19. Ceei SJ, Bruck M (1993) Suggestibility of the child witness: A historical review 
and synthesis. Psychol Bull 113: 403-439. 

20. Lindsay DS, Johnson MK, Kwon P (1991) Developmental changes in memory 
source monitoring. J Exp Child Psychol 52: 297-318. 



PLOS ONE I www.plosone.org 



8 



June 2014 I Volume 9 | Issue 6 | e98563 



Self-Relevance Does Not Moderate Choice Blindness 



21. Cunningham SJ, Vcrgunst T, Macrae GN, Turk DJ (2013) Exploring early scH- 
rcferentiai memory eilects through ownership. Br J Dev Psychol 31: 289-301. 

22. Sui J, Zhu Y (2005) Five-year-olds can show the self-reference advantage. 
Int J Behav Dev 29: 382-387. 

23. Crowne DP, Marlowe D (1960) A new scale of social desirability independent of 
psychopathology. J Consult Psychol 24; 349-354. 

24. StoberJ (1999) Die Soziale-Erwunschtheits-Skala-17 (SES-17): Entwicklung und 
erste Befunde zu Reliabilitat und Validitat P"he Social Desirability Scale- 17 
(SDS-17): Development and first results on reliability and validity]. Diagnostica 
45: 173-177. 

25. Forster KI, Forster JC (2003) DMDX: A Windows display program with 
millisecond accuracy. Behav Res Methods Instrum Comput: 116-124. 



26. Sagana A, Sauerland M, Mcrekclbaeh H (2013) Witnesses' blindness for their 
own facial recognition decisions: A held study. Behav Sci Law 31: 624—636. 

27. Bassili JN (1996) Meta-judgmental versus operative indexes of psychological 
attributes: The case of measures of attitude strength. J Pers Soc Psychol 71: 637- 
653. 

28. Bohner G, Dickel N (201 1) Attitudes and Attitude Change. Annu Rev Psychol 

62: 391-417. 

29. Bruck M, Ceei SJ (1999) The suggestibility of children's memory. Annu Rev 
Psyehol 50: 419-439. 

30. Merckelbach H, Jelieic M, Pieters M (201 1) Misinformation increases symptom 
reporting - a tcst-retcst experiment. JRSM Short Rep. 

3 1 . Sagana A, Sauerland M, Merckelbach H (20 1 2) It's your choice! - Or is it really? 
In-Mind. 



PLOS ONE I www.plosone.org 



9 



June 2014 I Volume 9 | Issue 6 | e98563 



